Dongzhai harbor national nature reserve is the largest mangrove reserve in China, but the bacterial diversity and community structure in Dongzhai harbor mangroves (DHM) soils is still not well known. This study was conducted to characterize and compare bacterial community 
Microorganisms are essential component of the mangrove ecosystem, and accumulating evidences demonstrated that bacterials are crucial to the biogeochemical productivity of the mangrove ecosystem, and contribute to the material cycle of mangroves environments (Holguin et al. 2001; Thatoi et al. 2013 ). Previous studies have also shown that the bacteria and fungi were the domain groups and composing about 91% the total mangroves microbial biomass (Alongi 1988) , especially the bacteria communities play an important role in material transformation in mangrove ecosystems (Holguin et al. 2001) , such as the phosphorus enrichment and nitrogen fixation (Kyaruzi et al. 2003 ).
Development of high-throughput sequencing technology has offered a robust platform to analyze bacterial community of environmental samples, and which has also been used in the mangroves soils (Andreote et al. 2012; dos Santos et al. 2011) . Commonly, the functional diversity and structure of microbial communities in soil is largely influenced by environment, thus the different harbors always form unique microbial functional communities (Bai et al. 2013) , as well as the similar studies were also reported in mangrove ecosystems, such as the mangrove trees could influence the distribution of microbial communities (Holguin et al. 2001 ), D r a f t the diversity and structure of diazotrophic communities in mangrove rhizosphere were shaped by mangrove tree species and geochemical parameters (Flores-Mireles et al. 2007; Ravikumar et al. 2004; Romero et al. 2012; Zhang et al. 2017 ).
Dongzhai harbor national nature reserve is the largest and typical mangrove reserve in China (Lin 1999 ). However, current knowledge of the diversity and dynamics of Dongzhai harbor mangrove (DHM) soil bacterial communities is very limited. Accordingly, in order to improve our understanding of mangrove ecosystem function, it is valuable to explore the diversity and structure characterization of DHM soil bacterium.
In this study, 16S rDNA MiSeq sequencing was used to investigate bacterial communities in three typical loci of DHM: YA (entrance of wastewater and sanitary sewage), YB (located in Dongzhai Harbor National Nature Reserve Authority), and YC (near the sea). On one side, to investigate the diversity and abundance of bacterial taxa in DHM soil; on the other side, to determine the difference in the total bacterial composition associated with geographical distribution and human activity.
Moreover, exploring the relationships among the dominant bacterial communities will also greatly enrich the understanding of the DHM environment biodiversity and facilitate to the protection of mangrove ecosystem.
D r a f t

Materials and methods
Ethics statement
DHM Nature Reserve approved this study development. The field studies did not involve endangered or protected species.
Collection and DNA extraction of soil samples
The soil samples were collected from DHM of Hainan Island in China.
The loci information of YA, YB, and YC is E: 110°33′35.24″, N: 
Statistical analysis
Data were analyzed using the Majorbio I-Sanger cloud platform (http://www.i-sanger.com/). The similarity and differences between samples were compared using the shared and unique OTUs of the Venn diagram. The bar and pie analysis were based on the phylum level, and the average abundance of the each of the three groups were also D r a f t calculated. The PCA analysis of β-diversity was calculated based on the Bray_Curtis algorithm. The significance testing of microbial community variance analysis of the three groups were performed at the phylum level, the one-way ANOVA and fdr were used, and the scheffe cutoff was 0.95, * means 0.01 < P ≤ 0.05, ** means 0.001 < P ≤ 0.01, and *** means P ≤ 0.001. Network analysis were conducted at the OTU level to assess the species-species co-existence relationships of the three grouping samples, and the species correlation networks were evaluated on the OTU level (based on the 50 most abundant OTUs) to explore the interaction relationships among species, in which the correlation coefficient model Kendall was used with the cutoff 0.5. To conduct the 16S function prediction, firstly, the richness of OTU was standardized by PICRUSt, and then the COG family information corresponding to OUT and COG richness was obtained. The COG groups with significant differences were analyzed by Stamp software (statistical test model is ANOVA, and post-hoc test model is Tukey-Kramer with a cutoff 0.95).
Results
Bacterial diversity assessment of DHM soil
Bacterial diversity of nine DHM reserve soil samples (YA1, 2, 3; YB1, 2, 3; YC1, 2, 3) were assessed by using phylotype taxonomy resulted in a total taxa of 1,387 OTUs (cutoff value 97%) (supplemental information D r a f t table 1, SI table 1) . Additionally, the core OTU number was 696 ( Figure   2 ). Among the nine soil samples, the number of sequence reads varied from 3,996 to 12,035 with an average of 6,684, and the average reads length of all samples was 438 bp (SI table2). The results of pan OTU analyses revealed that the total OTU number of YA, YB and YC soil samples was 978, 1,129, and 1,105, respectively, and the unique OTU number was 146, 58, and 54 ( Figure 2) . Furthermore, the result of student's t-test for estimator indicated that the Ace index of OTU level between YB and YC soil samples was similar, but reached the significant level when YC was compared with the YA soil sample (Figure 2 ).
Relationships between soil samples and bacterial communities
The bacterial relative abundance analyses at the phylum level of nine soil samples were performed (SI Figure 1) , in addition, the average statistics of three group soil samples was also conducted, result showed that the soil samples contained dominant groups Proteobacteria (29.74%, 40.83%, and 39.86% in YA, YB and YC soil sample, respectively), Chloroflexi (41.29%, 27.27%, and 32.33% in YA, YB and YC soil sample, respectively), Bacteroidetes (5.86%, 6.65%, and 7.33% in YA, YB and YC soil sample, respectively), Actinobacteria (3.00%, 3.69%, and 4.14% in YA, YB and YC soil sample, respectively), Acidobacteria (2.16%, 3.43%, and 3.28% in YA, YB and YC soil sample, respectively), Firmicutes (4.65%, 1.25%, and 1.53% in YA, YB and YC soil sample, D r a f t respectively), Ignavibacteriae (0.61%, 4.50%, and 1.80% in YA, YB and YC soil sample, respectively), and Nitrospirae (2.76%, 0.79%, and 1.65% in YA, YB and YC soil sample, respectively) ( Figure 3 ).
The result of PCA analysis of nine soil samples demonstrated that the variations of sample loci could cause the variation of microbial communities (SI Figure 2) . To further explore the proportion and relationships of different species in the soil samples (YA, YB and YC), the ternary analysis on the OTU level was conducted (Figure 4 ). In the ternary plot, the significant OTU preference was found in the YA soil samples, such as the six top abundant OTUs in the red frame, they were 
Network analysis among three soil sample groupings
The network analysis and co-existence relationship of species belonging to difference soil sample groupings were analyzed ( Figure 5) , and existed interaction model were found among the three soil sample groupings (YA, YB and YC). It was noteworthy that some free OTUs were also found among them, for instance, 17, 11 and 14 free OTUs were found in the YA, YB and YC soil sample groupings, respectively.
Moreover, the correlation network of the 50 most abundant OTUs was also constructed (Figure 6 ), among them, 44% OTUs (22/50) were belong to the species of Chloroflexi, and there were also 42% OTUs (21/50) of (Figure 7 ).
Discussion
The high-throughput sequencing technologies have been widely Though the main dominant bacterial communities were similar among these soil samples, the distinct relative abundance variation were found among them, such as the Proteobacteria, Chloroflexi, Firmicutes, Ignavibacteria, Nitrospirae, Verrucomicrobia, and Deferribacteres, especially the OTU numbers between YA and YC reached the significant D r a f t level (Figure 2 ). In the YA soil samples, the most abundant community was Chloroflexi, followed by Proteobacteria; while in YB and YC soil samples, the Proteobacteria was the most dominant community, and both followed by Chloroflexi; moreover, the relative abundance of Bacteroidetes was similar in the all samples, while the species of Ignavibacteriae in YB sample presented higher relative abundance than which in YA and YC.
The species of Nitrospira has been discovered to be well-suited for activated sludge of wastewater treatment systems and several other habitats (Koch et al. 2015; Wagner et al. 2002; Watson et al. 1986) , and is also as an ubiquitous bacterium that plays a role in the nitrogen cycle by performing nitrite oxidation (Lucker et al. 2010 ) and nitrification (Daims et al. 2015 ; Van et al. 2015) . Here, our findings reinforce the prominence of Chloroflexi as the main domain group in the locus YA samples of the DHM ecosystem (account for 44% of the top 50 OTUs). Notably, five
OTUs of Anaerolineaceae were also existed in the above Chloroflexi group, and which have been reported that those species could involve in degradation of alkanes (Liang et al. 2015) . Based on the fact that locus YA with more sanitary drainage, and abundant nitrogen was also higher than the YB and YC, which may result in the distinct variation between YA and other two loci. Meanwhile, the high relative abundance of Nitrospira and Chloroflexi, as well as the significant different COG group D r a f t
I between YA and YB should be the result that caused by the sanitary drainage, and both them may play a role in nitrogen cycle and wastewater treating.
Previous study has reported that thirteen phosphate-solubilizing bacterial strains were isolated from the rhizosphere of mangroves, and were predicted that the organic acids produced by these mangrove rhizosphere microorganisms as a possible mechanism involved in the solubilization of insoluble calcium phosphate (Vazquez et al. 2000) .
Based on our previous report, up to 185 phosphorus accumulating bacteria were also screened in the DHM sludge samples, and there were 42 bacteria with the phosphorus removal rate (PRR) higher than 20%, especially some species of Acintobacteria with the PRR up to 80% (Wu et al. 2016) . Therefore, the DHM soil shall be a bacterial resource pool of phosphorus removal, which may help to prevent the eutrophication in water bodies.
Soil is a complex microcosm and replete with inter-organismal interactions, but the cross-talk existed the different species was hard to explore usually (Spraker et al. 2016) . Based on our results of correlation network of the 50 most abundant OTUs, we found that the OTU1276 and OTU1262 were the core OTUs of the DHM soils, because of they showed extensive interactions with numerous species (Figure 6 ). In addition, Overall, the bacterial community diversity and structure of the pioneer 
